Introduction
A magnetohydrodynamic flow refers to the flow of an electrically conducting fluid, such as plasma or ionised gas in the presence of a magnetic field. The flow of electrically conducting fluids in the presence of a magnetic field induces a potential in the direction normal to both electric and magnetic fields. This phenomenon is known as Hall effects. Thus, we can say that Hall effects are resulting phenomena of magnetohydrodynamics. The effect of the magnetic field on the flow of the fluid can be derived using Reynolds's transport theorem and Maxwell's equations. Pop [1] studied the effect of Hall current on a hydromagnetic flow, which is short lived. Gupta [2] investigated the hydromagnetic flow past a porous flat plate taking Hall effects into consideration. Ram [3] studied effects of Hall and ion-slip currents on free convective heat generating flow in a rotating fluid. Ghosh et al. [4] evaluated Hall effects on an MHD flow in a rotating system with heat transfer characteristics. Muthucumarswamy and Jeyanthi [5] studied the Hall effects on an MHD flow past an infinite vertical plate in a rotating fluid of variable temperature.
The effect of Hall current on fluids has received a humongous attention from researchers lately. This is due to its wide applications, varying from industrial level to the natural phenomena occurring at cosmological and geophysical level. The rotating flow of an electrically conducting fluid in the presence of a magnetic field is encountered in cosmical and geophysical fluid dynamics. It is well known that a number of astronomical bodies possess fluid interiors and magnetic fields. A star, a celestial body composed of plasma, is spherical due to the high internal pressure balanced by gravitational force. A large number of stars observed in the sky are either rotating stars or binary stars. These stars are subjected to the heliosphere in our solar system. According to Lal et al. [6] . The gravitational, centrifugal and Coriolis forces act on a star. These forces acting on the plasma of the rotating star, under the magnetic field influence, result in Hall effects. Considering a radioactive decay reaction in the star, which follows first order reaction kinetics, would make the mathematical studies of our problem correlate well with the phenomena discussed above.
Hall effects on an unsteady hydromagnetic flow past an accelerated porous plate in a rotating system was studied by Das et al. [7] Chemical reactions can be codified as either heterogeneous or homogeneous processes. This depends on whether they occur at an interface or as a single phase volume reaction. In wellmixed systems, the reaction is heterogeneous, if it takes place at an interface and homogeneous, if it takes place in a solution. Chambre and Young [8] analysed a first order chemical reaction in the neighbourhood of a horizontal plate.
In this paper, we study and investigate the combined outcome of Hall effect on an isothermal vertical plate with a rotating fluid following first order reaction kinetics. We study the effect of the Hall parameter m, Hartmann number M, rotation parameter  , thermal Grashof number Gr, mass Grashof number Gc, Prandtl number Pr, Schmidt number Sc, chemical reaction parameter K on the concentration and axial velocity of the fluid.
Mathematical formulation of the problem
An unsteady hydromagnetic flow of fluid past an infinite isothermal vertical plate with uniform mass diffusion has been presented. The fluid and the plate rotate in unison with a uniform angular velocity   about the z -axis normal to the plate. Initially, the fluid is assumed to be at rest and surrounds an infinite vertical plate with temperature T   and concentration C   . A magnetic field of uniform strength 0 B is transversely applied to the plate. The x -axis is taken along the plate in the vertically upward direction and the z -axis is taken normal to the plate. At time 
Since there is no large velocity gradient here, the viscous term in Eq.(2.1) vanishes for small and hence for the outer flow, besides there is no magnetic field along the x-direction gradient, so we have
By eliminating the pressure term from Eqs (2.1) and (2.5), we obtain ( )
The Boussinesq approximation gives
On using Eq.(2.7) in Eq.(2.6) and noting that   is approximately equal to 1, the momentum equation reduces to
The generalized Ohm's law, on taking Hall currents into account and neglecting ion-slip and thermoelectric effect, is 
Here the second term on the right side of Eqs (2.14) and (2.15) are due to small Coriolis force. The boundary conditions are given by
The dimensionless quantities are introduced as follows.
, Gc , Pr , . 
with the boundary conditions , , , for all , 
In our study the value of Ω (rotation parameter) is taken as Ω= 
Method of solution
The dimensionless governing Eqs (2.3), (2.4) and (2.25) subject to the initial and boundary conditions (2.26) are solved by the Laplace transform technique and the solutions are obtained as follows. 
M=5
The effect of the Hartman number (M=5, 7.2, 10) on the axial velocity is shown in Fig.3 for the rotation parameter Ω=10, m=2, t=2, Sc=2.01, Pr=7, K=0.2, Gr=5, Gc=10 in the presence of water. It is observed that with an increase in the Hartmann number (M) the axial velocity decreases. The effect of Pr on the temperature profile is shown Fig.7 . It is observed that the temperature increases with decreasing values of the Prandtl number. This shows that the heat transfer is more predominant in air when compared with water. 
